Abstract. The main sources of noise are activities related to machines, devices, means of transport and technological processes. In the event of exceeding permissible noise norm, an employer is obliged to adapt to specific safety rules. Otherwise, noise may have detrimental effects on human health. The attempts made by the European Union and Poland to coordinate the fight with noise is at an early stage. They include determination and standardization of methodology of measurement of noise in the EU, that is, examining the current state of acoustic climate and creating database and implementing instruments reducing noise.
Introduction
Noise is defined as every sound, which is unwanted, bothersome or even harmful to health. Harmfulness or nuisance of noise depends on its volume, frequency, character of changes in time and inaudible components, as well as such traits as health state, age, mental condition and individual sensitivity to sounds of every human. [1, 2] .
One of the main sources of noise are technical installations and industrial plants [3, 4, 5, 6, 7, 8] . Regardless of the technological process conducted in a plant, its machines are often based on elementary devices and apparatuses configured in different ways and belonging to different series of types [9, 10, 11, 12] . As a result, different technological processes can be realized by the same devices, for example, bending brakes, laser cutters, stoves or fans having different parameters of work and various locations in a technological cycle [13, 14] (Figure 1 ). Level of sound emitted by the sum of these production means of industrial products depends on:
-type of technological process realized in an industrial plant, -degree of mechanization and automation, -type and configuration of machines, -technical state of machines, -form of operation of machines. 
Classification of Noise in Terms of Its Harmful Effect on Human Health
Noise has negative impact on the body and all its functions. Sound and information contained in it caused such evolution of auditory system that it has become a great warning system ( Figure 2 ). In dangerous situations, when immediate reaction is required, sound signal without the use of consciousness initiated immediate response of the body. In early evolutionary stages, organ of hearing had only warning function, however, due to development of nervous system caused by social development, based on organ of hearing, the germs of speech emerged. Hearing, due to received information contained in speech and ability to control speech correctness, is still important for its reception. Therefore, hearing of contemporary man and auditory stimuli are very important for: his/her education, development of mental, intellectual and emotional functions, acquisition of knowledge, thinking and formation of personality, life in the family and society.
-The classification of noise in terms of its harmful impact on human health, -Noise below 35 decibels -not too harmful to human health, however, it can be annoying and makes concentration more difficult, -Noise between 35 decibels and 70 decibels -negative impact on central nervous system, which leads to decreased performance of the body or fatigue, -Noise between 70 decibels and 85 decibels -if it is permanent, it lowers productivity at work, may impair hearing, causes headaches, has negative impact on nervous system, -Noise between 85 decibels and 130 decibels -considerably damages organ of hearing and causes many diseases of other systems (vascular, nervous), may contribute to disequilibrium and even damage clearness and intelligibility of speech, -Noise between 70 decibels and 85 decibels -if it is permanent, it lowers productivity at work, may impair hearing, causes headaches, has negative impact on nervous system, -Noise between 85 decibels and 130 decibels -considerably damages organ of hearing and causes many diseases of other systems (vascular, nervous), may contribute to disequilibrium and even damage clearness and intelligibility of speech.
Noise has impact on lowering the quality of life and health. It is the second largest ecological problem of European Union, apart from air pollution [15] .
Introduction the Impact Industrial Noise on the Measurements
The authors selected and presented only a few of indicators used to assess acoustic conditions of the environment. An equivalent level is a level of constant sound pressure of a specific sound, corrected in accordance with frequency characteristics A, which in specific time interval of reference is equal to mean square of sound pressure of analysed sound of changing level in time, an equivalent level of noise is determined in accordance with Polish Norm, PN-ISO 1996-1(1):
where: It must be noted that: -An equivalent level is a basic indicator (parameter) of numerical description of acoustic climate.
Taking dependence of sound level on square of sound pressure into consideration, a formula (2) may be written down in the following way:
where:
The indicators of noise applied to determine and control the conditions of using the environment with reference to one day are called short-term: - , of which values are used to determine and control the conditions of using the environment.
Classifications of Source Types
The industrial sources are of very variable dimensions. They can be large industrial plants as well as small concentrated sources like small tools or operating machines used in factories. Therefore, it is necessary to use an appropriate modelling technique for the specific source under assessment. Depending on the dimensions and the way several single sources extend over an area, with each belonging to the same industrial site, these may be modelled as point sources, source lines or area sources. In practice, the calculations of the noise effect are always based on point sources, but several point sources can be used to represent a real complex source, which mainly extends over a line or an area. The real sound sources are modelled by means of equivalent sound sources represented by one or more point sources so that the total sound power of the real source corresponds to the sum of the single sound powers attributed to the different point sources. The general rules to be applied in defining the number of point sources to be used are:
-line or surface sources where the largest dimension is less than 1/2 of the distance between the source and the receiver can be modelled as single point sources,
-sources where the largest dimension is more than 1/2 of the distance between the source and the receiver should be modelled as a series of incoherent point sources in a line or as a series of incoherent point sources over an area, such that for each of these sources the condition of 1/2 is fulfilled. The distribution over an area can include vertical distribution of point sources,
-for sources where the largest dimensions in height are over 2 m or near the ground, special care should be administered to the height of the source. Doubling the number of sources, redistributing them only in the z-component, may not lead to a significantly better result for this source, -in the case of any source, doubling the number of sources over the source area (in all dimensions) may not lead to a significantly better result. The position of the equivalent sound sources cannot be fixed, given the large number of configurations that an industrial site can have.
Sound Power Emission
You must have information on the input data shown below to calculate the propagation of sound:
- by means of the speed and number of vehicles travelling along this line during day, evening and night; The correction for the working hours, to be added to the source sound power to define the corrected sound power that is to be used for calculations over each time period, Cw, in dB, is calculated as follows (3): , and no directivity (may be horizontal or vertical). The working hours are an essential input for the calculation of noise levels. The working hours shall be given for the day, evening and night period and, if the propagation is using different meteorological classes defined during each of the day, night and evening periods, then a finer distribution of the working hours shall be given in sub-periods matching the distribution of meteorological classes. This information shall be based on a yearly average. The correction for the working hours, to be added to the source sound power to define the corrected sound power that shall be used for calculations over each time period, Cw in dB, is calculated as follows (4):
where: T -is the active source time per period based on a yearly averaged situation, in hours; Tref -is the reference period of time in hours (e.g. day is 12 hours, evening is 4 hours, night is 8 hours). For the more dominant sources, the yearly average working hours correction shall be estimated at least within 0,5 dB tolerance in order to achieve an acceptable accuracy (this is equivalent to an uncertainty of less than 10 % in the definition of the active period of the source).
Source Directivity
The source directivity is strongly related to the position of the equivalent sound source next to nearby surfaces. Because the propagation method considers the reflection of the nearby surface as well its sound absorption, it is necessary to consider carefully the location of the nearby surfaces. In general, these two cases will always be distinguished:
-a source sound power and directivity is determined and given relative to a certain real source when this is in free field (excluding the terrain effect). This is in agreement with the definitions concerning the propagation, if it is assumed that there is no nearby surface less than 0,01 m from the source and surfaces at 0,01 m or more are included in the calculation of the propagation, -a source sound power and directivity is determined and given relative to a certain real source when this is placed in a specific location and therefore the source sound power and directivity is in fact an 'equivalent' one, since it includes the modelling of the effect of the nearby surfaces. This is defined in 'semi-free field' according to the definitions concerning the propagation. In this case, the nearby surfaces modelled shall be excluded from the calculation of propagation.
The directivity shall be expressed in the calculation as a factor
to be added to the sound power to obtain the right directional sound power of a reference sound source seen by the sound propagation in the direction given. The factor can be given as a function of the direction vector defined by (x,y,z) with
. This directivity can also be expressed by means of other coordinate systems such as angular coordinate systems [2] .
Industrial Noise in Poland
In 2015, the measurements were taken around 1324 buildings emitting noise. Only 20% of industrial buildings exceeded permissible levels of noise. In 2015, the number of controlled plants exceeding permissible levels at night with reference to general number of plants exceeding norms was 60 %. The distribution of levels of noise in particular classes based on the measurements taken in 2015 is the following (Figure 3) [16]: A threshold 40 dB was used for night-time, which is equal to threshold of sensible acoustic comfort in the environment and it is also a level indicated by the World Health Organization (WHO) as an optimal limit value for noise emitted in quiet hours and permissible sound level of industrial noise for single-family dwellings, hospitals and the places where children are staying. The class of emission levels more than 50 dB was accepted to detail a group of buildings (activities) that are very onerous for the environment in quiet hours.
The class of emission levels during the daytime below 50 dB is equal to threshold of sensible acoustic comfort in the environment. The class of emission more than 50 dB is equal to permissible sound level for industrial noise for single-family dwellings, hospitals and the places where children are staying. The class of emission levels more than 60 dB was accepted to detail a group of buildings (activities) that are very onerous for the environment during the daytime (Figure 4) . The most favourable (from the perspective of protection of quiet hours) were the following provinces (Figure3): -warmińsko -mazurskie, -opolskie, -zachodniopomorskie. The least onerous buildings and activities during the daytime were in the following provinces ( Figure 4 It must be noted that no broad research aimed at creation of the list of the noisiest plants and trades have been conducted in Poland so far. The trades described in this article concern the noisiest plants and types of activity.
Conclusions
An attempt, in both European Union and Poland, to coordinate the fight with noise is one the development phase. It includes defining and standardizing methodology of measurement of noise across the European Union, checking current state of acoustic climate and building databases and implementing instruments limiting noise or protecting areas not exposed to this pollution. Limiting the danger of environment noise and vibrations depends on many factors. As a result, it is necessary to:
-conduct research and implementation works related to reduction of emission form sources of noise, -create mechanisms forcing quick implementation of new, less noisy, but more reliable means of production and transport, -introduce mandatory common attestation of devices emitting vibroacoustic energy to environment (permanent supervision of new products, periodic supervision of exploited means of production and transport),
-eliminate the use of means of production and transport which are based on too noisy technologies and implementing quiet technologies, automation and robotization -in order to minimize noisy processes, -attestation and control bodies must become fully independent from producers and users of means of production and transport, -working out and implementing legal acts (working out new ones, amendments to regulations and norms), regulating these issues, -working out a system of circulation of information about the state of acoustic climate, -the reduction of noise level can be achieved through reduction of emission from the source, for example, applying new technical solutions or new technologies.
Above factors depend on creating an appropriate legal and economic system that will stimulate taking various activities. A basic threat for a human -a threat for civilization -can be reduced. Developing strategies of limiting noise should be made in two directions. On the one hand, through administrative regulations, setting and control of permissible noise levels. On the other hand, long-term educating of society about health effects of exposing to noise and changing individual and collective behaviours.
